To study the relationships between body mass index (BMI) and different domains of disability in elderly subjects from the French 3C study. SETTING: Three cities in France: Bordeaux (South-West), Dijon (North-East) and Montpellier (South-East). DESIGN: Cross-sectional study. SUBJECTS: A sample of 8966 elderly community dwellers (age: 65-101 y). MEASUREMENTS: Main outcome measures: BMI, continence, basic and Instrumental Activities of Daily Living (ADL and IADL) and mobility. Adjustment variables: age, educational level, lifestyle, cognitive functioning, smoking and drinking history, depression, dyspnea, diabetes and indicator of cardiovascular disease. RESULTS: Obesity (BMIZ30 kg/m 2 ) was significantly associated with disability in each domain for women. The relationship tended to be linear for ADL and for continence; whereas for IADL, underweight women (BMI o21 kg/m 2 ) were also at higher risk of disability. In men, relationships were weaker since BMI was only associated with mobility restriction, with a higher risk for both underweight and obese subjects. CONCLUSION: These results are in favor of a strong association between obesity and the three domains of disability and incontinence. Weaker relationships between underweight and disability were observed. Results suggest that maintaining a BMI in the healthy range could contribute to independence in activities of daily living.
Introduction
The International Classification of Impairments, Disabilities and Handicaps (ICIDH) of the World Health Organisation (WHO), defines disability as 'any restriction or lack (resulting from an impairment) of ability to perform an activity in the manner or within the range considered for a human being'. 1 This indicator, which constitutes an indirect indicator of morbidity, represents a good 'leading' indicator of health status in the elderly population 2 and one of the major determinants of quality of life. 3 The three following domains of disability, measured by different validated scales, could be distinguished: mobility, Instrumental Activities of Daily Living (IADL) 4 and basic Activities of Daily Living (ADL). 5 These domains are hierarchically affected in the disablement process 6 that commonly follows stages of mobility loss, followed by mobility plus loss of IADL and finally simultaneous loss of mobility, IADL and ADL. There is evidence that obesity can be associated with functional limitations due to difficulties to perform certain movements and an increase of sedentariness. BMI is often used as an indicator of nutritional status, and even as an indicator of health status. 7 The aim of this paper was therefore to study the relationship between BMI and incontinence and different domains of disability (ADL, IADL and mobility) in a sample of elderly community dwellers.
Methods
The data come from the Three-City (3C) study, whose main objective is to identify vascular risk factors associated with dementia. This collaborative research program is based on a cohort of 9294 community-dwellers aged 65 y and over recruited in three French cities: Bordeaux in the South-West (n ¼ 2104), Dijon in the North-East (n ¼ 4931), and Montpellier in the South-East (n ¼ 2259). Subjects living at home were randomly sampled from the electoral rolls. The complete study design is described elsewhere.
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Variables of interest Four measurements of disability were investigated as dependent variables: ADL, continence, IADL and mobility. ADL were assessed by six items of the Katz scale: 5 bathing, dressing, toileting, transferring, feeding and continence. The latter, which is defined as an impairment rather than a disability, was analyzed separately from the five other ADL. Ability to perform IADL was assessed through five items from the Lawton scale: 4 ability to use telephone, shopping, use of transportation, responsibility for own medication, ability to handle finances. Three additional items were used only for women: food preparation, housekeeping, and doing laundry. Mobility was assessed by three items from the Rosow scale: 9 doing heavy housework, walking half a mile, and walking up and down to the second floor. For each domain of disability, subjects were considered as disabled if they could not perform at least one activity of the domain assessed without help, according to the thresholds defined by the authors of each scale. BMI was calculated as declared or measured weight (kg) divided by declared height (m) squared. The thresholds of BMI considered were those used in the Mini Nutritional Assessment for low BMI, 10 those recommended for defining overweight in elderly persons 11 and those recommended by the OMS for obesity: 12 o19, [19] [20] [21] , [21] [22] [23] , [23] [24] [25] [26] [27] , [27] [28] [29] [30] , [30] [31] [32] [33] [34] [35] , and Z35. BMI was considered as a categorical variable since the risk of disability associated with BMI was not supposed to be linear. Obesity was defined as BMI Z30 kg/m 2 and severe obesity as BMI Z35 kg/m 2 . Potential confounding covariates were sex, age, educational level, lifestyle, cognitive functioning, smoking history, alcohol consumption, depression, dyspnea, diabetes, and presence of at least one cardiovascular risk factor. They were collected by trained interviewers during face-to-face interview. Three educational levels were defined: primary school (until age 11); secondary school (from 11 to 18 y); and higher education (over 18 y). Lifestyle indicated whether the subject lived alone or accompanied. Global cognitive functions were assessed with the Mini Mental State Examination (MMSE). 13 Smoking habits were classified as current, former, and never smoking. In the same way, subjects were categorized as current, former, and never alcohol drinkers. Depressive symptomatology was assessed with the Center for Epidemiological Studies scale validated for French subjects 14 using a threshold Z16 for men and Z22 for women. A subject was considered as diabetic if he had glycemia Z7 mmol/l 15 or was taking insulin or antidiabetic treatment.
A subject was considered as dyspneic if he felt out of breath during minor efforts such as walking with other people of his own age, during everyday activities such as dressing or undressing, or suffered from permanent dyspnea even at rest. Subjects were considered at cardiovascular risk if they suffered from hypertension according to the WHO criteria 16 (systolic blood pressure Z160 mmHg or antihypertensive treatment) or if they have had a myocardial infarction or a stroke history.
Statistical analysis
Association between incontinence, disability (ADL, IADL and mobility) and BMI category was first measured by univariate analysis with w 2 or ANOVA tests. Multivariate analyses were performed to take into account known risk factors for disability. They were performed separately for men and women, as suggested in previous studies, because it was assumed that the relationship between disability and BMI would be gender dependent. 17 The odds ratios (ORs) for incontinence and each domain of disability were successively estimated using logistic regressions with BMI category as the main explanatory variable. For these multivariate analyses, the two lowest categories of subjects which were quite homogeneous were regrouped as underweight subjects with BMIo21 kg/m 2 , as recommended for elderly people. 18 Models were first controlled for sociodemographic factors only (ie age, educational level and lifestyle); then, chronic conditions were entered in the model with forward stepwise logistic regressions.
Results
The study sample included 8966 subjects aged 65 and over, after exclusion of 328 subjects with missing BMI. Among them, 3566 were men (39.8%); mean age was 74.2 y (s.d. ¼ 5.6), and was not different according to sex. Main characteristics of the subjects according to BMI category are described in Table 1 . Measured BMI was available for 5998 subjects (66.9% of the sample); for the 2968 remaining, declared weight and height were used. The overall prevalence of obesity (BMIZ30 kg/m 2 ) was 10.8% and was similar in both genders. However, the prevalence of severe obesity (BMIZ35 kg/m 2 ) was significantly higher in women than in men (2.4 vs 1.0%, Po0.0001). The prevalence of underweight (BMIo21 kg/ m 2 ) was also much higher in women than in men (13.9 vs 4.2%, Po0.0001). The proportion of subjects with a low educational level increased with increasing BMI (Po0.0001). There was a significant relationship between living arrangement and BMI (Po0.0001); percentage of subjects living alone was higher in the extreme BMI groups, that is, underweight and obese subjects. Finally, BMI was significantly associated with age (Po0.0001), mean age declining with BMI.
The univariate analysis showed that incontinence was quite frequent (20.4% of the sample) and its prevalence was BMI and disability in elderly: the 3C study S Larrieu et al significantly higher in severely obese subjects (39 vs about 20% in other categories of BMI, Po0.0001). Overall prevalence of ADL-disability was very low (1.1%), but a positive significant linear trend was observed with increasing BMI with a prevalence increasing from 0.8 to 5.5% (Po0.0001).
The prevalence of IADL-disability was 10.2% and was also different according to BMI (Po0.0001); a J-shaped relationship was observed between BMI and IADL with the highest proportion of disabled subjects in the obese categories (24.5% of subjects with severe obesity). Lastly, mobility was the most frequently restricted domain with 47.2% of the subjects disabled and a U-shaped relationship was observed with BMI since about two-thirds of subjects with BMIo19 or Z35 kg/m 2 had mobility restrictions.
Further analyses were therefore performed to adjust for potential confounding covariates. The OR and their 95% Confidence Intervals (CI) for disability in each domain are presented in Table 2 after adjustments for sociodemographic characteristics, the 'normal' BMI group [19] [20] [21] [22] [23] taken as the reference. For each area of disability considered, differences were observed according to sex in the strength of the association between disability and BMI, as well as in the nature of relationships. First, associations between BMI and disability after adjustment for sociodemographics were much stronger in women. While each domain of disability was significantly associated with BMI in women (global Po0.001), mobility was the only domain associated with BMI in men (global Po0.0001).
Second, the nature of the relationships according to sex was also different. In women, the risk of incontinence and of disability for ADL tended to be linear, with the highest OR in severely obese subjects. In men, such linear relationships were not observed; the highest risk of incontinence was observed in the underweight group, which also tended to be at higher risk of ADL-disability although it was not significant. Table 2 Adjusted odds ratios and 95% confidence interval for incontinence and disability in ADL, IADL and mobility according to BMI category for men and women BMI and disability in elderly: the 3C study S Larrieu et al For the IADL and mobility, the highest risks of disability were observed in the three highest BMI categories for women, with ORs particularly high in those with severe obesity. In men, the tendency was quite different: even if the highest risks were observed in the group with severe obesity, underweight men were also at higher risk of mobility restrictions and IADL-disability with borderline significance.
Domain of disability
Further multivariate analyses were then performed to determine whether the relationship between BMI and disability was modified after adjustments for chronic conditions. Results showed that addition of smoking and drinking history, cognitive functioning, depressive symptoms, diabetes and indicator of cardiovascular risk factor did not modify the strength of the association between obesity and disability since the OR were very similar. On the other hand, when dyspnea was added into the models, tendencies were the same and relationships remained significant but the ORs were decreased, suggesting that the relationship between obesity and disability was partly explained by higher proportion of dyspneic subjects among obese people.
Discussion
The results of our study suggest a significant association between obesity and each of the four areas of disability or impairment considered. These associations were much stronger in women since obesity was significantly associated with a higher risk of disability for each domain; whereas in men, BMI was only significantly associated with mobility with an increased risk of disability in both underweight and obese subjects.
Our findings on the relationship between obesity and BMI are in agreement with most of the recent studies conducted on BMI and ADL, [24] [25] [26] IADL, 25, 27, 19 incontinence, 20,21 mobility 22, 23, [28] [29] [30] or limited physical functioning. [31] [32] [33] [34] Obesity can be associated with functional limitations due to difficulties to perform certain movements and an increase of sedentariness 35 or through the occurrence of disabling pathologies. 36 Inversely, disability can also lead to weight gain because of a lack of physical activity or through alterations in nutritional behaviour. The stronger relationship between obesity and disability in women, previously reported by others, 17, 25, 22, 37 could partly be explained by the higher percentage of body fat among women. 22 Another hypothesis could be the difference of disability-free life expectancy according to gender since women live longer with mild disability related to chronic illness; 38 men still alive at 65 y and over might constitute a selectively healthier group than women. Underweight might also lead to disability 22, 23, 39, 40 through different mechanisms, 41 and notably a lack of physical activity and a higher risk of falls. Disability may also be a cause of underweight through difficulties in eating, provisioning and cooking, which can be reflected by disability on the food-related items of the ADL or of the IADL scales. However, the relationship between underweight and disability remains controversial 42 and anyway seems weaker than the relationship with obesity. Although the association between BMI and disability was strong in our study, it could have been underestimated. Indeed, the major limitation of our study is the important selection bias generated by the type of recruitment, that is, subjects aged 65 y and more and noninstitutionalized. This bias might be greater again in obese subjects, since obesity was shown to be associated with increased mortality and increased risk for disabling pathologies that can lead to institutionalization such as coronary heart disease, osteoarthritis, diabetes, hypertension or cancer;
36 it even appears to have a stronger effect on the occurrence of chronic medical conditions than smoking or problem drinking has. 43 Our obese subjects might be therefore extremely selected since they have to be still alive and healthy enough to live at home and to accept to participate. The relationships between obesity and disability might therefore be stronger again than those we found. This is all the more disquieting that overweight and obesity keep increasing in Western countries. 44 Indeed, a recent study suggested that the increasing prevalence of obesity might reduce or even reverse the decline of disability rates that has been observed for a few years. 45 In conclusion, underweight and above all obesity are factors strongly associated with disability in the different domains of daily living. It is still unknown if weight problems are a cause or a consequence of disability, and it is very probable that both mechanisms co-occur. Further longitudinal studies are needed to clarify this point. Furthermore, it would be interesting to consider other parameters such as osteoarthritis or recent weight loss because they are important risk factors for disability and might be confounding factors in the relationship between BMI and disability; unfortunately, these data were not available in the 3C study. Although we did not assess the impact of weight change longitudinally, the results of our study suggest that maintaining a BMI in the healthy range, that is, 21-27 kg/m 2 , could allow keeping longer autonomy in activities of daily living. Considering that autonomy is a major component of quality of life in older subjects, this is a further argument for healthy nutrition and physical activity. In view of our results, the combination of simple indicators, such as disability and BMI measures, might provide important information to identify and target subjects at increased health risk and at deteriorated quality of life in the general population. 
